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RESEARCH MEMORANDUM

ATITTTUDE COMPONENT PERFOEMANCE OF THE YJ73-GE-3 TURBOJET ENGINE

By John E. McAnlay and Carl E. Campbell

SUMMARY

An Investligation to determine the altltude performance charac-
teristics of the YJ73-GE-3 turbojet englne was conducted In an
altitude chamber of the NACA Lewis laboratory. The englne was
equipped with variable inlet guide vanes. The component performance
was determined at two poslilons of the Inlet gulde vanes over a
range of engine speeds, exhaust-nozzle areas, and flight conditlaons.
The range of flight conditions covered corresponds to a varlatlon
In compressor Reynolds number Index from 0.96 to 0.12.

A reduction In Reynolds number index over approximately the
range Indlcated resulted In a decrease 1In the corrected alr flow of .

1
4§ percent and In compressor efficlency of 6 percent. By operating

the engine with the Inlet guide vanes closed, the compressor steady-
gstate performance was Improved at corrected engine speeds below
6300 rpm. ZFor example, at a corrected engine speed of 560C rpm, the
compressor efflclency was ralsed from 0.73 to 0.82 as the inlet gulde
vanes weore moved from the open to the closed position. At rated
engine condltilons at a fllght Mach number of 0.8, the combustion
efficlency varled from 0.98 to 0.96 ag altitude was varled from sea
level to 55,000 feet. Within the range of this Investigation,
turbine efflclency varlied about 4 percemt. About balf this varia-
tion 1s due to the effect of turbine-inlet Reynolds number, whlle
the remaining half 1s due to changes in the turbline operating polnt.

INTRODUCTION

An Investigation to determline the altitude performance and
operational characteristics of the YJ73~-GE-3 turbojet engine was
conducted in an altlitude chamber of the NACA Tewls laboratory. As
part of thils Investigation, the performence of the components operating
In the engline was obtalned and 1s presented herein. The engine
dliscussed herein 1s the productlon version of the J73 and 1s
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ing acceleration at low engine speed." The component performance is
shown for operating conditions that occur over a range of engine speeds
at four fixed exhaust-nozzle aress with the inlet guide vanes in both
the open and closed positions. Simulsted flight conditions varied from
altitudes of approximately sea level to 55,000 feet and flight Mach
numbers from zero to 1.2 (corresponding to s Reynolds number index
range from 0.96 to 0.12). All data were taken with the inlet screens
retracted. )

APPARATUS
Installation and Tnatrumentation

The altitude-chamber test section in which the. engine was
installed 1s 14 feet in dlameter and 20 feet long (Pig. 1). A photo-
graph of the engine Installed in the test chamber ls shown in figure
2. The platform on which the engine was rigldly mounted 1s connected
by a linkage to a balance-pressure dlaphragm for measuring englne
thrugt. A honeycomb 1s installed in the chamber upstream of the test
section to straighten and emooth the flow of the inlet air. The
front bulkhead, which incorporates & labyrinth seal around the forward
end of the engine, prevents the flow of cambustion air directly imto
the englne compartment and exhaust system and provides a means of
maintaining a pressure dlfference across the engine. A bellmouth
cowl was Installed on the front bulkhead Just ahead of the engine to
obtain a smooth flow of alr into the compressor.

Alr supplled to the inlet sectlon of the altitude chamber can be
elther heated or refrigerated. Exhaust gases from the Jet nozzle pass
through an exhaust sectlon, a primary coocler, an exhaust header, and &
secondary cooler hefore entering the exhauster system. The Inlet and
exbaust pressure controls were desligned to automatically maintain
constant the deslred ram pressure ratio and exhaust pressure.

The location of the' Instrumentation stations throughout the engine
1s shown In the cross-sectlonal sketch of flgure 3. Also shown on
this figure ie a table glving the number of pressure tubes, wall statilc
orifices, and thermocouples at each atatlon. All pressures were
measured by means of alkazene or mercury mencmeters and were photo-
graphically recorded. Temperaturos were measured with Ilron-constantan
and chromel-alumel thermocouples and were recorded by self=balancing
potentlometers. Englne speed was meagured by & chronometric tachometer
and fuel flow by mésasns of & calibrated rotameter.
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Englne

At statlc sea-level condltlons the YJ73-GE-3 turbojet engine
has the followlng ratings:

Military | Normal

Engine speed, rpm 7950 7615
Exhaust-gas temperature, CF 1185 1085
Thrust, Ib (screens retracted) 8920 7840

Specific fuel consumption,
1b/(hr) (1b thrust) 0.917 0.887

Compressor-outlet leakage and bleed alr are used to provide a balance
plston force at the front of the compressor and to cool the turbine
disks and the flrst-stage bturbine stator. This air is eventually
returned to the maln alr stream before 1t passes through the exhaust
nozzle,

The standard flxed-area conlcal exhaust nozzle has a nominsl
diameter of 21 Inches. Thls nozzle was sized to give limiting
exhaust-gas temperature at rated englne speed at statlc sea-level
conditions. In additlon, three larger exhaust nozzles were also
ingtalled on the engine during the program, The largest exhaugh
nozzle used had an exit area slightiy larger than the turbine-outlet
area.

Compressor

The 12-gtage axlal-flow compressor 1ls shown In filgure 4(a)}. The
21 variable Iinlet gulde vanes rotate simultaneously through an angle
of 30° from the open to the closed position. In the open position,
the angles bebwesn the englne cenbter line and a 1line tangent to the
leading and tralling edges of the gunide-vane alrfoil sections at the
root and the tip are 0° apnd 13°, regpectively. The Inlet guide vanses
change positlon at an engine speed of 6800 rpm, going from the closed
to the open positlon as speed 1s increased. The rate at which this
change 1s made 18 independent of engine characterigtics.

The significant compressor deslign parameters are:

Blade-tip diameter (comstant), In. . . . . . + v v ¢ « & . . . . 32=
Rotor hub-tip radius ratio

Flrst 86888 « « « ¢ « ¢ ¢« ¢ ¢ o ¢ o 4 s e e e s 2 e s e« . . . 046
Tash Btage . - « + . . . 4 4 e 4 4 e e e e e s . s s s . . . 0.88



4 . AR NACA RM E54D09

At an englne gpeed of 7950 rpm and campressdr pressure ratlio of 7.0
(static sea level),

ALy TIOW, IB/SOC « v v v v o o v v e e e e e e e e e e . T1a3
Alr flow per gq £t of frontal 8162 . . « « « « « &+ « o s o » - « 25,4 o

Compressor effliclency . . . . s e s o s o s s e v e = s s w s l0.81

Compreassor-inlet tip Mach nnmber e e s e e & s e e e e e e e s 0.997
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Combustor

The combustor used in this engine 1s of the cannular type,
consisting of an annular space containing 10 can-type liners (fig. 4(b))
that are comnected to the turblne-inlet anmnulune by transitlon sectlons.
Two spark-plug-type lgnitors, located In llners dlametrically opposite,
are employed for engine gtarting. Iarge elliptical cross-over tubes
between liners are used to Pfacllitate flame propagation during high-
altitude starting. Fuel is supplied to a dual-~element fuel nozzle T
in each combustor primary zone. A fuel—-flow divider shead of the fuel .
nozzles determineas the division of the fuel to the small and large
orifices of each fuel nozzle.

The maxlimum combustor flow area, which is apn annuler area, 1s
5.5 square feet and results at rated conditlons in an average reference
veloclty of about 95 feetper socond in the combusior primary zone.

Turbine

The two-stage axial-flow turbine rotor 1s shown In Ffigure 4(c).
The significant turbine design parameters are:

Blade-tip dilameter, In. 1
First st8Z0 « ¢« v & ¢« ¢ 4 o 4 o o b 4 s e s e s s ae e e e e 295

B
Hub-tip radius ratio
Firstatage « « ¢ ¢ ¢« o 6 ¢ o ¢ s i o o o o s o« 5 o o 5 s o 0.73
Second 8680 . « . ¢ ¢ s . e 4 bt 4 4 s s e 4 4 s s e s s e 0.64
Average wvadial tip clearance, In. . . . + ¢ ¢« + ¢ o ¢ 4 s . . 0.05
Rated turbine-inlet temperature, °R . . . . . . . ¢ . . . . . . 2020
Rated corrected turbine speed, ¥pm . . . « ¢« &+ ¢ ¢ + o & o o & 4040
Design corrected work, Btu/lb s s s e s e e a4 e ae s s 28.5
Design corrected welght flow, 1b/sec . - « « = ¢ ¢ ¢ o o« o o . 42 e

al

1 L . . L.
From manufacturer's compressor-rig teats.
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The flrst-stage turblne stator contains intermal passages through
which cooling air from the compressor leakage 1s passed. The second-
stage turblne stator blades Increase In helght from leading to tralling
edge by an amount corresponding to the previously mentioned change in
turbine tip dlameter between the two stages.

PROCEDURE

A temporary limitation In the refrigeratlion system occurred
during the period of this Investlgatlon when most of the data were
obtalned, and thus the inlet-alr temperatures were confined to a
range between 60° and -20° F. Limited data were taken later when
it became possible to obtain Inlet temperatures of -80° F and below.
The preponderance of the date (glven in table I) were obtained in
the earlier period, and the later data (table II) were undertaken
only to extend the data to hlgher values of corrected engine speed.

The followling table lndicates the range over which the earlier
data were obtalned wlth Ffour different exhasust nozzles:

Nominal |Nominal f1ight|Average Reynolds|Nominal engine-i Inlet-
pressure Mach number, numbexr Index gpeed range, |guide-vane
pltitude, £t MO rpm positlion

Seg-level o 0.96 5500-7950 Cpen

0 .96 3600-7950 Closed

15,000 0.8 0.88 5500-7950 Open

25,000 0.8 0.59 5500-7950 Open

35,000 1.2 0.58 5500-7950 Open

.8 .39 5500-7950 Open

.8 .40 4500-7950 Closed

45,000 0.8 0.24 5500-7950 Open

55,000 0.8 0.15 5500-7950 Open

4 .12 5500-~-7950 Open

The later data were taken only at altitudes of 35,000 feet and
above with the Inlet guide vanes open. Although the flight condltions
of these data correspond to the data listed above, the Reynolds number
Indices differ, iInasmuch as these data were taken at a considerably
lower Inlet-alr temperature.

The fuel used throughout the investlgation was MIL-F-5624A, grade
JP-4, with a lower heatling value of 18,700 Btu per pound and a hydrogen-
carbon ratio of 0.168, The symbols and methods of calculation used in
this report are glven in appendlxss A and B, respectively.
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RESULTS AND DISCUSSION

The performance ls presented herein for each component over a
range of operating condltions as an Independent component and also as
a component operating In the engine. The data in thlis report are
presented for various values of Reynolds number index, not altitude
and Mach number. In order to correlate these data with flight condil-
tions, the variation of Reynolds number index with altitude and Flight
Mach number for standard NACA condlitlons is shown in figure 5.

Compregsor Performance

Performance maps. - The compressor performance 1s presented by
showing lines of constant corrected engine speed (compressor Mach
number) and compressor efficiency on coordinates of compressor pressure
ratio and corrected air flow. Performance maps with the inlet guide
vanes in the closed position are presented in figures 6(a) and (b) at
the two Reynolds number Indices for which complete data were obtailned,
nemely, 0.96 and 0.40. Within the accuracy of the data, a glven
corrected engine speed resulted in only one compressor pressuré ratlo
for corrected engine speeds of 6000 rpm or lower. The peak compressor
efficiency occurred at a corrected engine spsed of 6000 rpm and
decreased from 0.82 to 0.79 as Reynolds number index decreased from
0.96 to 0.40. This same change in Reynolds number Iindex had llttle or

no effect on corrected alr flow.

With the Inlet guide vanes In the open posltion, data were taken
over a sufficient range of Reynolds number Indices to define clearly
the Reynolds number effect. Performance 1ls presented In the compres-
gor map (fig. 6(c)) at Reynolds number index of 0.39 and in figure 7,
which shows the variation of corrected air flow and compressor effi-
clency wlth Reynolds number Index for comstant values of corrected
engine speed and compressor pressure ratio., Data at Reynolds number
index of 0.39 were selected for flgure 6(c) because of the high cor-
rected engine speed data that were avallable. A peak compressor
efficlency of slightly over 0.84 ocourred at a corrected engine speed
of about 7100 rpm and a compressor presgsure ratioc of 5.5. At rated
corrected englne speed, the compressor efficlency decreased to 0.81
and the corrected alr flow wasg about 141 pounds per second. Within
the range of exhaust-nozfle areas used to obbaln the data, varlation
in compregsor pressure ratlo at a glven corrected engine speed
resulted In small changes In compressor efficlency of the order of
0.02 or less. At corrected englne speeds above 7000 rpm, varlations
in pressure ratio hed little effect on corrected air flow; while at
speeds below 7000 rpm, the corrected ailr flow increased as pressure
ratio was reduced. o
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Effect of Reynolds number. - The effects of Reynolds number on
campressor efficilency and corrected alr flow are presemted in fig-
ure 7. A careful examination of the data obtained at Reynolds number
indices other than 0.39 has shown these curves to be valld for open-
inlet-gulde-vane operation at all compressor pressure ratios at
corrected engine speeds of 6800 rpm and above. For a glven corrected
engine speed and compressor pressure ratio, the ordinates of figure 7
&lve the ratlo of the compressor efflclency and corrected alr flow
at any Reynolds number Index to the compressor efflciency and corrected
alr flow at & Reynolds number index of 0.39. Thus, the corrscted air
flow and compressor efficiency can be obtalned for a Reynolds number
index of 0.39 (fig. 6(c)) and corrected to any desired Reynolds number
index (fig. 7) withln the range investigated.

The effects of Reynolds number as shown In flgure 7 are to
reduce the compressor efficlency &bout 6 percent and the corrected

air flow about 4%-_ percent as Reynolds number Index lg decreased from

0.96 to 0.12. The decreases in compressor efficiency and corrected
alr flow with Reynolds number index are amall until Reynolds number
Index 1s reduced below 0.5.

Comparison of compressor performance wlth Inlet guide vanes 1in
open and closed posltlons. - A comparison of the performance with open
and closed Inlet gulide vaeres 1s presented in flgure 8 at a Reynolds
number index of 0.96. In thile figure, compressor pressure ratio,
effliciency, and corrected air flow for the rated exhaust-nozzle area
are shown as functlons of corrected englne gpeed. Also shown are the
pressure-~ratio stall lines for the two inlet-gunlde-vane positions.

The range of correocted engine speeds over which the Inlet gnide wvanes
wlll change positlon ls also Indlcated. It can readlly be seen that,
at low corrected englne speeds (below 6300 rpm), an improvement in the
steady-state compressor performance may be obtained by operating with
the Inlet gulde vanes in the closed position; at corrected engine
gpeeds above 6300 rpm, the opposite is true. At a corrected engine
gpeed of 5600 rpm, for example, changing the iInlet guide vanes from
the open to the closed positlon resulted in no change In pressure
ratlio, an increase In corrected alr flow from 70 to 72 pounds per
second, and an increase in compressor efficlency from 0.73 to 0.82.

The surge lines indlcate sbout the same margin of acceleration (in
terms of pressure ratlo) for either guide-vane position. Consideration
of the steady-state performance and surge lines would Indicate that, in
general, a lower switch-over speed them that provlided would be edvan-
tageous. Engine acceleratlon characteristics, whlch are beyond the
gcope of thls report, are not completely determined by the variables
shown In figure 8, however. No flnal selectlon of switch-over point
should be made, therefore, without consideration of acceleration
characteristics.
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Performence maps for compressor operating as part of engine. -
In order to ildentify the compressor performance wlth engine operating
conditions, lines of constant corrected turbine-inlet temperature are
superimposed in figure 9 on the compressor maps obtalned at Reynolds
number indlces of 0.96 and 0,12, the limite over which the Investi-
gation was conducted. Also superimposed on each map is a line showing
the mode of operation with rated exhaust-nozzle area. '

At a Reynolds number index of 0.96 (fig. 9(a)), with the engine
operated at rated corrected engine speed and exhaust-nozzle area,
the compressor pressure ratio was 7.0, the corrected air flow 143
pounds per second, the compreasor effieiency 0.82, and the corrected
turblne-inlet temperature 2020 R. As Reynolds number index was
reduced to 0.12 (fig. 9(b)), at the same corrected engine speed and
exhaust-nozzle area, the compressgor pressure ratloc remalined at 7.0,
the corrected air flow and compressor efficlency decreased to 136
pounds per second and 0.78, respectively, and the corrected turbine-
Inlet temperature was raised to 2180° R. As noted previocusly, the
reductions in corrected alr flow and campressor effliciency are due
to Reynolds number effects on the compressor. A similar effect on
the turblne performance will be shown in a later section. These
Reynolds number effects were of such magnitude and direction that a

congtant compressor pressure ratilo and an 1ncreased corrected turbine-

Inlet temperature resulted.

For both Reynolds number indices, the operating line for rated
exhaust-nozzle area passed through the region of maximum compressor
efficiency. - .

Preasure loss through the compressor-outlet diffuser. - The
loss in total pressure In the diffuser between the compressor and
combustor may be expressed in terme of total-pressure loss ratio
(pressure loss divided by inlet pressure). Over the entire range of

this Investigatlion thls total-pressure loss ratlio was about 0.6 percent.

Combustor Performance

Combustion efficlency. -~ As shown in reference 1, combustion
efficlency for several combustors correlates with combustor-Iinlet—
conditions P4T3/Vb. Combustion efficiency ls presented as a functiom

of P TS/V in figure 10. Over the range that the combustor operated

in this engine, the fuel distributlion and fuel-alr ratlio were found
to have negligible effect on thils correlation. An auxiliary scale of
W, 1T7, which 1s proportional to P4T3/V5, 1s also shown, because 1%
is’considered a more practical parameter Insofar as engine operation
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1s concerned. The combustlon efficlency was constant at 0.98 above

P4T3/v'b off 35,000 (Wa 1T7 of 52,500). A decrease In combustion

parameter below thls vélue resulited In a decrease In combustion effi-
clency %o 0.83 at P4:T3/Vb of 6000. Thus, at rated englne condltlons

and a flight Mach number of 0.8, the coambustlion efficlency remained
at 0.98 up to an altitude of sbout 37,000 feet (PéTs/v'b of 35,000)

and decreased to 0.96 at an altitude of 55,000 feet (P,T./V, of
23,000).

Combustor total-pressure logss. - The combustor total-pressure
loss ratio 1s presented as & function of combustor temperature ratio
in figure 11. Data for all Reynolds number Indlces fall along a
gsingle curve. The pressure loss ratlo decreased from 0.075 to 0.037
as combustor bemperature ratlic Increased from 1.0 to 2.2 (approxi-
mately the combustor temperature ratio at rated comditions).

Combustor-outlet temperature dlstrlibutlion. - The data presented
In figure 12 are typlcal temperature profiles at the turbine outlet.
Prevlous investlgatlons have Indicated that turbine-oublet profiles
reflect the combustor-outlet proflles, although in scmewhat dimin-
1shed magnitude. The bturbine-outlet station 1s used, because no
rellable temperature measurements were avallable at the combustor
outlet. There were no consistent effects of altitude, flight Mach
number, englne speed, or tempesrature level on the combustor bGemper-
ature distribution. The data of figure 12 Indlcate that the radial
temperature distribution wilth which the rotor would be concerned 1s
relatively flat. However, the clrcumferentlal temperature variations
are of consldersble magnitude, amounting to 12 percent above the
average (probasbly more ahead of the turbine). Therefore, near rated
temperatures the local temperature may be more than 200° F above the
average. Although thils clrcumferential unbalance is unlmportant
Insofar as the rotor 1s concermed, 1t could be detrimental to the
stator 1ife. No adverse effects on stator life were observed during
the testing reported herein, which Included over 170 hours of engine
operation at various condiltlons without englne overhaul.

Turbine Performance

Performance map.-~ The performance of the turbine is presented in
terms of corrected enthalpy drop and turbilne gas-flow parameter with
lines of constant corrected turblne speed, turbine pressure ratlio, and
turbine efficiency. Data for compressor Reynolds number indices of
0.96 and 0.88 were combined to construct the map shown In figure 13.
For these compressor Reynolds number indices, the turbine Reynolds
number index varled nominally from 0.80 to 1.50. A check showed that
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turbine Reynolds number had a negligible effect over this rangs of
turbine Reynolds nwiber indlices. Therefore, the map of figure 13 was
constructed from all data that fell within thls turbine Reynolds
number index range. Because of the variable Inlet guide vanes used
on thls englne, 1t was possible to obtaln turbine performance over a
mich wider range of emthalpy drop (at a constant corrscted turbine
speed) than is usuaslly possible in englne performance evaluations.

At rated static sea-level conditions, the turbine operated at a
corrected turblne speed of 4040 rpm and a corrected enthalpy drop of
30.0 Btu per pound. Thlse operating point on the map of figure 13
(which approximates the static sea-level condltion) corresponded to
a ‘turbine pressure ratlo of 2.96, a corrected turbine gas flow of
43.0 pounds per second, and a turbine efflciency of 0.87. From the
turbilne welght~flow parameter, 1t may be determined that Increasing
the corrected turhine speed from 3900 to 4600 rpm resulted in about a

1
a3
critical turbline flow ares decreased as corrected turblne speed was
increased, whlch Indlcated that the crltical turbine flow ares was
downstream of the first=stage stetor.

percent reduction In the corrected turbine gas flow. Thus, the

The peak turbine efficlency, which was slightly over 0.87 for
the data shown in figure 13, occurred at & corrected turbine speed of
about 4150 rpm. Over the entlre range of turbine operation in figure
13, the efficliency varled less than 0.02. At any glven corrected
turbine speed, changing the turblne pressure ratilo had no discernible
effect on corrected gas flow or efflciency wlthin the range Investigated.

Effect of Reynolds number. - The effect of turbine Reynolds
number on turblne efficlency and corrected turbine gas flow at a
given corrected turbine speed and pressure ratic 1ls presented In
flgure 14. The reference Reynolds number Index of 1.50 was used so
that flgures 13 and 14 could be used together In determining turbine
performance. The trends shown In figure 14 are valld over the range
of turblne operating conditions presented in figure 13. The effect
of-reducing the turbine Reynolds number from 1.50 to 0.15 was to
decrease the corrected turbine gas flow 2 percent and the turbine

efficlency 2%-. percent.

Altitude Performance of Componehits at Rated Conditions

The variatlon of component performence with albitude at a Fflight
Mach number of 0.8 1s presented In flgure 15 Ffor rated engine conditions
(rated exhaust-nozzle area and eolither limiting engine speed or exhaust-
ges temperature). Increasing altitude from sea level to 554000 feet

316
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results in an increase in corrected englne speed from 7480 to 8610 rpm
and a decrease in Reynolds number from 1.31 to 0.17. The corrected
engline speed of 8610 rpm is reached at the tropopause and remains
constant as altitude 1s ralsed sbove thls value. Compressor effl-
clency decreased from 0.842 to 0.768 as altitude was Increased from
sea level to the tropopause. ZPractlcally all of thls decrease resulbed
from the Iincreased corrected engine speed, whille the effect of Reynolds
number up to the tropopeuse was negliglble. Ag altltude was Increased
to 55,000 feet, a further reduction of compressor efflclency to 0.753
occurred entirely because of Reynolds number effects. As can be seen
in figure 15, the reduction In campressor efficlency wonld have been
greater (to 0.744), except that 1t wes necessary to reduce the engine
speed in order to malntaln turblne temperature limits.

The corrected alr flow Increased from 134.9 to 146.7 pounds per
second as altltude was raised to the tropopause (assuming that cor-
rected air flow 1s constant above a Reynolds number Index of 0.96, l.e.,
fig. 7). This increase is due to the increase In corrected engine
speed, which overshadowed the relatlvely small decrease assoclated
wlth Reynolds number. As altitude was increased beyond the tropopause
to an altitude of 55,000 feet, the corrected air flow was reduced to
142 .9 pounds per second because of the effect of Reynolds number and
the previously mentloned reductlon in engine aspeed.

Apn Increase In the altltude from sea level to 55,000 feet
resulted In a small decrease 1n combustion efficlency from 0.98 o
0.96. This reduction, of course, would Increase if lower values of
flight Mach number or englne speed were consldered, Inasmuch as
combustion effliciency is primarily a functlon of the combustor pressure
level.

Turbine efflclency decreased from a&bout 0.870 to 0.854 as alti-
tude was raised from sea level to 55,000 fest. Over the range through
which the turbine operates in the engine, turbine effliciency is a
function only of corrected turbine speed and turbine Reynolds number
(figs. 13 and 14). Because the corrected turbine speed remsined
nearly constant for rated engine condltlions, the decrease 1n turbine
efficlency resulted only from a decrease in turbine Reynolds number.

CONCIUDING REMAREKS

Porformance of the components of the YJ73-GE-3 englne was deter-
mined over a wlde range of engine operating conditions and flight con-
ditions. The effect of Reynolds number on the compressor performance &t
& constaent corrected englne speed and coampressor pressure ratlo with the
Inlet guide vanes open was to reduce the corrected air flow 4.;:. percent
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and the compressor efficlency 6 percent as Reynolds number Index
decreased from 0.96 to 0.12. At corrected engine speeds helow 6300
rpm, the compressor performance can be lmproved by operating with the
inlet guide vanes In the closed position. At a corrected engine speed
of 5600 rpm, the compressor efflclency 1s raised from 0.73 to 0.82

as the inlet gulde vanes move from the open to the closed position.

At rated engine condltlons at a fllight Mach number of 0.8, as
altitude was increased from sea level to 55,000 feet, the compressor
effliclency was reduced about 1l percent and the corrected air flow
was ralged about 6 percent primarily beoause of the effects of
Increased corrected englne speed. -

The cambustion efficlency remained at 0.98 at values of PéTS/v'b

of 35,000 and above, whlch corresponds to rated engine comditions at
an altitude of 37,000 feet or less and a flight Mach number of 0.8.
At the same englne and fllight condlitions at an altltude of 55,000
feet, the combustion efflclency was 0.96. At all Reynolds number
indlces the combustor total-pressure loss ratlo was 0.037 for rated
engine conditions.

Over the range of engine condlitlons Investigated, at any given
compregsor Reynolds number Index the turbine efflclency and the
corrected turblne gas flow varled about 2 percent. As the turbine-
inlet Reynolds number index was decreased fram 1.50 to 0.15 at
constant corrected turbine speed and turbine pressure ratio, the
corrected turbine gas flow and the turbine efficlency decreased 2 and
2% percent, respectlvely. At rated engline conditlons, as altltude
wag Increaged from sea level to 55,000 feet at 0.8 flight Mach number,
a8 reduction In turbine efficilency of 2 percent was due only to the
decrease in turbine Reynolds number,

Lewls Flight Propulsion Laboratory
Natlonal Advisory Commlttee for Aeronsutics
Cleveland, Chlo, April 16, 1954

3167



L91%

NACA BRM E54D0S

W oW " W= R oM ® B

<

o3

X

APPENDIX A
SYMBOLS

The followlng symbols are used In thils report:
crosg-sectlonal area, sq £%

acceleration due to gravity, 32.174 ft/secz
total enthalpy of alr or gas mixture, Btu/ib
Mach number

engine speed, rpm

total pressure, lb/sq £t abs

static pressure, lbfeq & abe

gas constant, 53.4 £t-1b/(1b) (°R)

Reynolds number

total temperaturse, °R

velocity, £t/sec

critical velocity, , fy_éLl gRT, Tt/sec

alr flow, 1b/sec
fuel flow, 1b/hr

gas flow, Ib/sec

— —_
-
™
function of 7y, l.4 2
¥ 1.4

1.4 - 1
<}.4 + 1
2

ratlo of speciflic heats

13
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& presgsure-correction factor P/2116_ (total pressure divided
by NACA standard sea-level pressure)

1 effliclency

0 temperature-correction factor (Vcr/lOl_B)2 (equared ratio of
critical velcocity to critical velocity at NACA standard sea-
level conditions)

)y fm + B BtY __ (as defined in ref. 2)

m + 1" 1b of fuel _ :

M absolute viscosity, lb-sec/sq £t

(o] density, lb—secz/f'b4=

¢ viscosity-correction factor ;.L/:’>.719><10"7 (viscosity divided
by NACA standard sea-level viscosity)

Subscripts:

a air

b combustor A e e

c compreossor

g gas mixture

3 indicated - . e o

t turbine

0 free-stream conditions

1 engine or compressor inlet

3 campressor outlet, compressor diffuser inlet

4 combustor inlet, compressor diffuser outlet

] turbine inlet, combustor outlet

<] turbine outlet, tall-pipe diffuser inlet

7 exhaugt-nozzle Inlet, tall-plpe diffuser outlet

- 3167
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APPENDIX B
METHODS OF CALCULATIOR

Temperature. - Total temperatures were calculated from Indicated
temperatures by the following relatlon:

- r5
T o= Ti(‘%) (1)

x-1
7

1+ 0.85 (2) - 1
«I\p

where 0.85 ls the impact recovery factor for the type of thermo-
couple used.

Reynolds number Index. - For a given corrected engine or turbine
gpeed, Reynolds number Index varles lineerly with Reynolds number and
is defined as the ratlo of Reynolds number &t any condltion to Reynolds
number at standard sea-level conditlons:

Re index = —O_ - (2)

¢~/

Alr Plow. - Alr Plow was determined from pressure and temperaturs
meagurements at the englne Inlet (statlon 1) by the followlng equation:

71_1

_ 27 Ve 1) 71
Wa,1 = 801877 = Pydy (71 - )(erx ( ) - 1|(®

The various compressor-outlet bhleed and leskage flows were determined
to be about 2 percent of the inlet-air flow. Although portions of

the flow reenter shead of the turbine (after station 5) and between
turbine stages, this flow was lgnored insofar as statlon 6 1s
concerned. However, the entlre bleed and leakage flow has reentered
the malinstream flow before passing through the exhaust nozzle. The air
or gas flows at the various stations were calculated by the following
equatlons:

(4)
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W 0.98W Wy (5)
= . F —

8,5 a,l ° 3600

W =W + _Ei_ (8)

8,7 a,l . 3800

Compresgor efficlency. - Compressor effliclency was calculated by

use of the tables in reference 3 and neglecting water-vapor corrections.

Using nown values of compressor-Ilnlet and -outlet total pressure and
temperature, compressor efficiency was determined from the followling
expresslon:

Hsjisentropio - B

Bﬁ,actual -5 | @

-
Combustion parameter. ~ Combustlon parameter P4T3/Vb 1s moat

eaglly calculated by assuming that the burner-inlet Mach number is
low enough that total and statlc values of Lemperature and pressure
are nearly egual. Thua, it can be shown that

2
s (4) 2 ©
v, R/ ¥, 4

where Ab is the maximum combustor flow area and is equal to approxli-
mately 5.3 square feet; and Vb, which 18 not a real velocity at the

combustor inlet, 1ls used according to criteria previously established
in order that wvarious combustors could be compared on a falr basis.

Mo =

Combuation efficlency. - Combustion efficiency 1s deflined asg the
ratio of the actual enthalpy rise of the gas while paassing {hrough the
englne to the theoretical Increase In enthalpy that would result from
complete combustion of the fuel:

We
Ha,7 * 36000, 5 7~ Ta,l
= ) 1
L = (9)
18,700 L

SGOOWA 1

where 18,700 Btu per pound 1s the lower heating value of the fuel.
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Turbine-inlet total temperature. - Turbine-inlet temperature was
calculated by the use of temperature-enthalpy tables and the followlng
equatlion:

H = wa.,l (H‘?S

- H 1
2,5 o~ 2 ) + Ea,7 (10)
2

The difference in the fuel-alr ratios between stations 5 and 7 is negli-
gible with respect to calculation Involving equation (10).

Turbine efficlency. - Turbline efficiency was obtained from the
relation - -

1 - T
T7/

1 = (11)
t 7y 1

7%
P
6
1_
(P's')
where is based T5s * T7 ana fuel-ailr rati
7_bsaseon——2-——anﬁleara.o.
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TABLE I. - Continued. FPERFCORMANCE DATA

(a) Continued. Inlet gulde vanes open.
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TABLE I. - Continued., PERFORMANCE DATA

(a) Continued.

Inlet gulde vanes open.

3LET

[matine | oar- Smr! ne|Correatet | Com- | doo-  [compresaen Comtus- [0ontus-| comtus- | Tarkine - Gor-  [Porisina od |Turbinalbon
mpeed, |reoted ot tip | Ajr |l flow, | pressop|presace| dischargs [presgupa-| tion tion tion reoted | Thokad | gffi- | turklne | pres-
N, wgine Maah fiow, snsure] offi- | preseure- losa affl = parvm-{ oomber |kerbine| Wrbine |sisacy, | sathalpy | wwes
™ apeed, | rusber, ¥y, 1|V, ratio, |eimay, [lcas ratio, | makie, |lelwsay,| ster, | eter, | lodex, | xpesd, [ L] dy, mtio,
—_'II LN TV 1| e [(TaTu)/rg | Pacty LS L L L ] ow /iy, | Pyfty
L] ‘ 104 Ll AL - e
= 1b/une
Exhanat-noasle araa, R.B14 5q [t
704t | BCI5 4.2 | 4.5 | o005 0,015 ) 1.0 4180 30.4 504 | 18
T80 | 1888 141.8 | 6,751 .o13 012 15.8 o7 4143 20,8 3.032 | «b
THLY | 7EiR 13,5 | 0,185 A 010 11.5 Ny 4008 30,1 2,887 | 8o
7408 | 1504 15.4 | 8,104 A% .008 11,4 . 4087 0.8 2,004 | B2
BAgE are 4,7 - .52 008 1z.8 L.de svel 23,7 2,035 | 5B
M ET48 16,2 4,008 «H0 2010 1z.3 l.10 I "7 2,835 | 83
Hun -] 8.5 .71 «T11 N} T.08 W 3354 21,7 £.102 | Bs
B S4B &5,9 £,787 108 05 1.80 T =1 1.8 13 | 58
TRl BOAR 148,82 1,57 #2358 008 1.0 Ly A 31.0 3,150 | B8
Tise BOSL 143, 7 N L 08 L 18.7 l.1a 4200 .0 L0 | B
Tike | 7935 16,6 | 0,708 81 »20 17,9 i.n a7 3.0 5108 | 58
vt | e 134.0 | .a1$ 858 008 1s, 1.2 4156 3.0 3,07 | 54
s | sals 101 | 449 JH 008 ad 1.17 30.0 3.077 | B0
B4TS 5845 163 3.8 o741 « 004 B,BY M a4 21.0 2,04 | 1
THT | oL 1834 | 4,045 <800 «008 124 Te 441 0.0 3,087 | &%
a3 1.4 | 8727 B¢ ‘o008 11,9 &0 an x,o 2om | &
7418 b1 - 4.128 N 00 10.3 »80 sy .1 2,070 | B4
[ K] a4, 1.1 N ] M1 ~008 1,54 T8 +080 30,8 3,070 | &8
[T e LM T +008 3.7 W81 s 21,0 .09 | 86
Ha [ 111 142.0 1.8 =1 «008 L0358 K BT | 12,0 30 810 .0 Z,150 | &7
L ] 1309 |4a.701 - 005 2088 o58 | 8.8 | LB . LTS n,.0 M| w
415 | 08 154.8 14,186 JH2 O =t a8 | 7,00 | 10,1 88 am ¢ kB ]
oara | a137 115,1 | 4,82 .21 2004 JOuE 88 | B85 | 7,00 B2 .l | Te
s B4S 10,4 2,547 .08% L1008 1081 Hed 1,23 T ] e . S.088 [ TL
s | M 14,4 | 1.007 787 007 Oz | 540 | 1. .50 wurs 0.8 5,008 | T
TS ] 14K.8 7.508 T8 008 084 A0a 5.82 4.3 08 4208 30,8 a3 | @
TR 25 14L.8 1. 748 «B08 «o7 1040 B4 «.E3 T.48 Bl 4N 1,3 5088 | T4
TG R4 14%.5 7.083 - T82 008 -, ] 982 5.18 1.88 54 4108 30,0 3,114 | 7N
T400 o4 A5k, 7 4.18% .- «008 008 978 L.42 1.68 ] (5T ] 50.8 3,008 | 78
o 74N 1314 2.0 «8d1 1008 0 B [ 1) &, B8 [51- ] 50,7 308 | 77
"W e 118.1 42008 03 007 i, -] A0 3.11 4.78 1] 4081 a0,p S.0ee | 78
-1 o0e3 .1 1.580 TR 1004 063 .07 1.8 .11 38 ShES M, Q88 | 79
TLh Tl 143,1 7.438 «TB0 o 034 A0 5.83 a.ae 3] 184 30,8 3.0 | a0
iy | e 1406 | 7.004 218 “y 008 058 N NN 1] W34 4170 N 3,14 | 8L
1541 | o 142,0 | 0.084 o788 007 40 48 WL | 4,88 WAL a7 . 1,4 B.oss | BR
e 914 189,7 a1 <608 1008 Lo e 4,53 41185 AT x.l B,1mm | 85
50 | o2 185.7 | 4,08 53 a7 .0l 00 4.07 a1l | .7 A58 | 30,4 3.135 | 84
o T478 188.0 §.BH ] 008 088 <5 I3m 4088 | 4.2 ] 5.2 3,10 | 86
asat | sar3 137,4 |4 050 B +00 04l . .1 4038 | 4.5 A% | 0.2 3.127 | 8%
ESO4, a1 2,8 a,00 888 - s 45 1.4 3538 | i3.8 AT .2 2,850 | o7
™e2 [ 1] 142,0 7,588 2T +£08 034 87 .M dldd | 2.4 JA0R .0 2433 | 48
ez &l 41,8 7,008 870 007 080 a2 2it0 408 | 45,1 A0 M7 31ln | ar
rem? Bl 141.0 4.n ™ - 008 458 1., 341 420 M40 B0.7 3,187 | WO
™ ™ 138.0 .1 o T04 -g 0L 480 a.n 4008 | 43.0 00 50.8 108 | €1
7284 | 748 151, | el 08 . 043 TR 380 018 | «3.0 2841 | 50,1 3,114 | 62
oo | 2 197,56 | a,060 851 +008 059 087 2,20 W1 wn? |40.8 787 | 50,0 3,357 | a3
asy | ares 115,58 | 4,180 811 008 Ok 970 1,86 27 39068 | 43,8 825 | 9,8 3,100 | 8k
=iy | nam? 80,7 |e,71R S84 .09 48 14 45 15 38 | 35.8 L040 | o8 e,015 | 28
HEL | B 10,5 | 7,485 T SO0 R BT 2,55 .18 w088 | 42.0 .00 | 30,8 EN-TAT]
15 | o 128.0 |a.mM8 T8l oo ) B 1.5 15 WIS | 420 W52 | =L 5.108 | a1
T804 [l 1M4.1 a.0a2 -1 - 038 B a.57 4 o8 | 48,1 «058 0.4 5.007| 18
i | wons 13.0 |e.m 173 - 087 L858 141 1t Ag3L | 42,9 047 | 30,2 8.0M | A8
1742 1018 188, N33 «TT8 . 003 Okl Bl ] 2,55 W14 4008 | 4Z.3 «04 3.1 8.100 | 10|
1434 TSR 18,8 .88 82 00t 087 B 2,00 14 ESE5 | 43,1 «fEL 0.0 85.008 | 101
[ T 1244 .1 S8 cop JHO e . 1. .18 HE2 | 428 N8 m,1 3.100 | 108
6534 sTIR 10m.3 44 TRE 08 001 SO e 8 laid .13 18 | 42,2 82 .2 2,422 | 103
vlle o 6a.8 3.500 148 008 K.} a2 e - | e ETRE [ 43,4 018 n.a R.AXR (104
B75d 8500 18.7 3044 881 LR ] »8EL N 1] 110 HBs | 43,9 1A80 6.8 2,050
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TABLE I.

(a) Ccontinued.

- Continued.

PERFORMANCE DATA

Inlet guide vanes open.

Run | Com- Altitude- [Plight v- |Engine-[Bngine- |Coopressor- Compressor-[Compressor-|Combustor- [furpine-| Turbine-[Turbine-| Turbine- | Tail- | Tail-
pressor | exhaust | Wach |alent inlet | inlet inlet total | outlst autlet inlet inlet inlet ouilet outlet | pipe pipe
Reynolds | pressure, [munber, | awbisnt~-| total | total pressure, total total total tatal total total total total total
uml po, air temper- [pressure, Pﬂ' tenpere~ pressure, pressure, [temper- |[prazsure, |tempera-~|pressure, |teaper-|prassure,

index, atatic | ature, Pya ture, Pea Py ature, Py ture, Py, ature, P7:
1b/aq It tempera-| T, 1b T M ) $ T T, 1
By ture 1 1b 7T TE A6E 3, b b1 B’ 1t o8 E1) 7 b
1 tO" 5q Tt &b op iq Tt abs | 3 abs| %R %G It abs| R "q abs ¥
R
Exhaust-nozzle area, 2.894 sq ft

1 0,938 2083 [} 5l4 S08 1933 1901 956 13079 12898 1807 12449 1443 , 5051 405 3762

107| .94R 2089 Q 514 506 1942 1912 942 12684 12857 1750 2084 1400 arre 1 3864

108| .942 2080 Q 513 508 1944 2114 909 11740 11827 1840 11177 1304 3847 1972 5438

loa} .958 2088 Q E111 505 1976 1957 844 9605 94887 1455 1169 1181 11 3052

110] .878 2035 0 13 808 2004 17 747 3727 5109 350 2487 1183 2424 1140 2405

111 888 1180 +805 45 BO3 1508 1771 949 12108 11894 1758 11586 1584 3438 1385 3385

Hg .888 1183 .802 47 504 1803 1 9335 11897 11690 1880 11112 1354 543 192 3247

111} .88 1180 +808 45 84S 1808 117 949 2108 11994 1738 13828 1584 3458 1535 3363

112| .888 1183 802 “7 B804 1808 17711 933 11697 11890 1680 11111 1334 3343 1282 3247

13| .8e0 1181 . 798 47 S04 laie 1788 889 10885 10604 1350 10074 1210 1 1194 2901

14| .891 llee .803 8 806 18l 1784 832 432 8383 1318 7981 1001 420 1 2382

118]| .es0 119¢ 195 450 807 181 1800 mwo 4878 4033 1010 9278 %1 1388 98 1862

1p6| .58% 178 814 S BO4 1197 1178 980 7988 7908 1760 881 1 283 1547 1208

117 »508 774 813 443 S04 1196 1172 938 1702 7848 1700 73381 1327 1307 al3s

18| %88 178 811 5 804 1198 1177 901 7080 8998 1560 8708 1209 011 1199 1989

119 580 769 »815 46 505 1180 1175 as2 Spa9 5308 1383 5244 10y 1880 X018 1882

20| .s88 778 +811 448 807 1188 1192 721 3088 1013 3048 2877 188 1045 801 1008

13| .508 a0 1.22 38¢ 428 18q7 1187 948 120 808Q 1775 1143, izt el p ] fess

122 f .501 479 - 1,22 384 499 1200 11481 32 7881 882 Y107 7857 1532 andd 1217 167

ax| .884 488 1.84 a2 500 1198 1179 2 24 165 1577 663 [ 1218 2049 18 1987

lad| 382 477 1.88 586 805 1199 1186 829 5480 seag2 1500 8549 950 1583 ‘B9R 2

35| .87 480 1,81 291 508 1188 1072 T4 29396 a0 a7 2788 49 aso 670

138 | 427 478 +818 392 444 AR7 27 851 8448 Be28 3710 aa17 1398 1558 1373, 1

137 427 420 M2 302 4l 490 51 a85 Bl57 Ilod_ 1621 4902 1 1290 1488 1058 1416

28| .370 83 i 447 304 758 e 982 5010 4001 1765 4174 14182 1 1554 1595

18 .88 485 + 808 439 A7 748 738 ses 4906 428 1888 #8273 140 151 1297 1982

1301 .27Q 503 4795 “e 4 7L 748 o958 A4S e 1703 4613 1544 1594 1308 1848

3] .37 495 805 0 47 767 751 87 84 480 | 1570 [ 1R 1301 1207 1284

132} 570 438 798 47 304 757 Y48 06 4 m | 1873 B2 h Pty 128¢ 1218 bt -1

133 | .420 480 w815 81, 445 A8 758 192 4368 1592 4165 1089 1848 1087 1204

134 F 378 S02 +808 442 458 180 781 228 3588 =8y 1504 330 1016 1038 1018 e

l3s} 370 a0 LI g 4l s00 789 787 78 1936 1998 | loid 1880 B 96 L3 800 | 684

138 | .2687 298 L0828 390 443 487 459 ane 5585 3577 1780 254 [« 1417 175 1388 M0

137 | 289 308 819 391 445 475 488 857 310 3195 1885 osd |, 1m2 929 1278 ane

e | .A87 ans 828 391 Add 488 459 a4 3141 slae 1e1s 6 1273 897 1248 a8

139 | .229 307 ~808 441 498 472 458 980 5112 1793 298] |' L4088 a9y, 138Q a69

1o .30 314 ~785 st 500 478 472 951 Sles, 5111 1800 207 H 1409 05 1398 B78.

AULR - (] 308 «813 441 499 458 +41 254 3039 1780 2898 |, 1568 a10 1558 Bad

42| a2 508 B0R 443 00 470 488 52 34000 202 1730 anad |, 13s8 284 8x7

AT A3 501 08 443 00 4B (%) 0 978 131 1030 o id 1281 T89 128¢ 768

144 | .267 301 +808 392 443 483 487 8 2754 43 1413 20806 1096 778 1083 T80

18| .228 509 #794 el 500 480 484 aas 2178 ase 1388 e 1040 a89 1046 85

148 .29 380 778 449 803 477 477 7 1204 1198 1080 138 48 aze 419

147] 132 1179 .818 438 497 ary a8 3% 18 pU-L1] 1880 1850 1303 e 1442 31

48| 148 188 2795 441 497 28t 274 942 1888 1880 1767 1782 uae L] 33

149 .l38 195 . 788 43 498 293 &85 912 1788 1748 1847 1872 1319 500 1RT4 487

15| .13 in 11 “i 450 88 29 s 294 15g7 1 1044 519 1 388

131 1355 19 TN 45 a9 286 205 787 asl B3 1173 804 s 270 5ae 288

1% .105 195 -388 s 498 A 207 288 1443 1442 1928 1310 1582 421 1508 4108

153 .18 193 +430 479 457 e Nz ot ig 1597 |. 1a37 8L 400 1432 - L]

E.“ 418 200 [T 481 408 ns ns ”ns lewe 1897 1388 S8 1324 373

88| e R4 | ~47B 478 4 ns s aas w7 pt 1%k 1435 ue, 1280 - ) nay 387

%8} .110 200 570 487 00 W2 9 a1e 913 08 1410 887 1138 500 121 293
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TABLE I. - Continued, PERFORMANCE DATA

(a) Continued. Inlet gulde vanes open.

Compresssr-|Engine|Corragted | Com- Com- |Coopraspor- |Combustor | Cosbus= CT‘HI-'M\II- Tursing Correpted |Turbine
inlat tip 81r |air flow,| pressar [pressor| discharge |preasirs-| tlon tion tisn synelas furbine | pres-
Fach Mow, .,/l‘l' preosurs [ offi~ | pressure- lass sffi- | param- |param- | mmber enthalpy | sure
TRmber, th, ¥y, v ratic, [elmnoy, [loms ratlo, | Tavie, |olsmay,| ster, | ater, | index, » mtio,
|v/aen| * B | Pty | M, |(Ps-2)/%s | PeePy My | PaTs, Yot %5 b, | Bg/Pq
le/uss P Y vl Dt
. 1074 LJ To-nel
104
Exhauat~noacle ared, 2.804 aq ft
1.011 135.2 | 1439 4,788 0.a0d 0,004 Q.05 0.88% | 12.5 18.7 1.5 4314 42,8 0.87% 32.3 3,233
080 131.7 | 1418 8.681 810 010 - .ped | 1z.1 17,9 1,34 4By 2.8 .B80 IR.0 3.204
S 136.8 | 134,8 8,039 . OO .03% HES | 10,9 18.0 1.8% 4220 4.8 +BEL 0.0 .88
850 loa,9 | 115.0 4,861 +B48 A .} (041 e 8,49 | 12,8 1.85 4054 4%.2 651 0.1 2.974
N 54,1 7ia 2,659 JT33 e O 81 (W) T.78 A1 T .8 041 /R, 7.481
1.5 14,8 | l4d.) 8,708 80l 008 059 B4l | 11.Y 18.8 1l.89 4399 43.5 N.|.-] 53,0 5,533
Al 180,60 | 141,08 8, 881 008 041 «B7 [ 1l 18.8 l.e8 +37% a4 L77 53.0 5.523
4 117.7 | 1¥6.8 5.008 N 1008 04l 975 9.67 | 14.1 1.30 +353 i2.5 Nl 3.0 5,583
48 1al.0 | 115.% 4,048 848 +008 JOB 598 7.0¢ | 10.8 1,48 [T 49,5 i:10) 2.0 3,298
.B87 85,9 15.8 2.68% L1022 <008 087 1,018 3,29 5.09 90 515 43,8 +A70 £7.0 2.710
1.017 82.5 | 145.7 #.844 302 Q08 Ol SR 7.67 | 11.1 04 4378 2.7 .- 53.0 5.5
6 80.8 | 141,1 3. 445 Lale 007 <4l 8 7,58 | 10.8 At [ 42,6 A477 553.0 3,589
N1 778 | 1347 5,800 A2 008 . 8T [ X 9,35 - 4318 i2,4 .848 3.0 3.547
N7 5.7 | 117.8 4,850 848 2004 2048 1.008 &, 80 8.77 .80 4215 +R.9 831 1.0 3,508
L. it 42.3 T5.0 2.58) 1728 007 058 1,008 .2 -1 +80 U] 43.2 .1 8,0 2,983
1 82,8 | 142.4 8.787 872 Q08 042 884 7.07 | 1,8 A3 12,4 A78 33,0 3,338
887 42,4 | lae,2 8,878 818 .00L » O %0 7.84 | 10.8 85 4348 42,5 ~0858 2.0 5.589
:1-1} 8.4 | 133.2 5.084 838 L000 048 o381 6.53 .33 .88 4313 2.4 -A54 34,9 3,348
.. 67,7 { 117.7 . T1E &4 005 048 <082 473 8,71 1BE 4AQBS 41,7 N 32.4 3.580
N3 1%, 5.8 2.580 1758 00 ,08% v 2.07 2.4 .78 4208 41.7 A0 30.% 3.229
1,080 Be,8 | 144,08 7,584 158 004 088 »B84 &, 4 7.82 57 4381 41.5 »B58 .7 J. P
1,053 Bi,1 | 42,4 8,904 791 008 Q40 1B87 4.89 8.78 »59 4348 4).8 841 2.8 3,359
1,018 B1,7 | 148.8 + 8308 S8 .008 ‘ Y-8 4.08 2.59 R 4383 42.5 »5488 33.0 3,318
K] E0,9 | 140.9 4,575 -] 008 038 » M4l 4,78 8.4 B4 431 41,8 034 35.8 I3.B88
A2 B0, 8 | 158.7 &.581 LA02 008 -7} 1. 4.63 [ 2,58 -] 4347 42.6 1884 33.0 3.309
,951 8,1 | 158,35 8. 583 A0 J08 <Okt N 4.17 B.&8 -] 4500 44.1 AT 35.0 5,093
B4l 48.4 | 133,53 §,A88 »818 008 +Ok0 +B80 4,00 .50 B3 4298 12.4 884 33.0 3,341
1) 50,8 | 153.4 E.098 N a7 059 7 2,78 B.30 +80 4268 46,1 BER s2.8 5e34R
+B54 3.4 | 117.1 4,637 L) +004 N +008 2.5 4.4 1.1 4207 45,4 +341 31,9 5.283
683 24,9 | BR.1 2,881 107 «£L08 f 1. 1,81 | 1L.» .58 2938 40,1 .888 | R1.8 ?,101
1,081 54.5 | 148.7 74870 J148 <008 J4e M 3.82 4,83 S8 4331 42,8 LA8% Rk 5,398
1.058 M,5 {4, 8,784 1715 J008 04l o0 3,01 4.30 »34 4313 42.8 . 2.4 3,350
1,08 33.9 | 14d.4 5,740 LT85 .008 . +BL R.92 | 4R.3 + 54 4501 42,5 881 3.2 3,358
" 1.00% 81,4 | 138,8 6.095 702 <006 « L3 W15 5,08 d.42 .38 527 42.1 068 32.7 3.301
1.000 51.8 | 137.4 8,871 LT8R +008 OB ST 521 .40 54 494 42,2 888 52.8 3.208
7 5.6 | 140,7 8,581 . 187 »008 04 s .82 4.0 38 183 42.8 68 2.8 3,508
el 2.3 {154 4,383 . L1008 O4f S5a .87 [ 34 42.9 A9 32.4 3.297
B £9.3 | 138.0 5.049 «a8é ,008 1040 77 RS9 3.87 22 498 42.0 B85 a2.1 5,330
0 3.2 | 131.6 5,808 B8 2 04 04X 3.1 2,40 Skl 37 237 41.8 .03¢ 32,1 5,348
883 26,7 | 115.8 €. 860 .621 008 051 . 1.88 .40 31 4183 412.8 .01 51.7 5.213
.01 17.4 5.8 2.5 870 .007 <34 .877 .83 1.48 23 38487 48,0 1. 1.4 2,688
1.088 18.1 | l42.4 T.082 . 788 » 008 W04 .953 1,89 2.7 W10 a2 41.8 .88l 33.0 3.388
Bl 19,0 | 13,7 4,804 el »00L 082 2818 1.68 2.89 418 4369 42,0 883 3.0 3.380
. 18.5 | 149,7 8.014 i 007 O 120 1.42 2,35 -fﬂ 4237 41.7 887 32.0 3,58
<058 1¢.0 | 104.4 4.40 . 4006 L0k .. 1.14 .8 9 484 40.7 858 31.0 3.283
A0 10.5 78,2 2.07¢ » TOR 00 Nt £05 .09 S old a0 41,3 852 8.0 2,978
l.018 14.3 | 138.8 5.782 T80 00Q 050 1935 1.47 2.15 ] 4178 2.4 . 32,0 3.244
48 14,1 .l 8,587 765 003 + 041 «018 1.4 .02 «19 Al4d 41,8 -1~ R.0 5.7
A 18,8 |lat.9 6,787 a7 003 JO0 035 1.2l 1.8% .18 4118 3.2 288 31,0 3,05
. 13.8 .8 5.113 <703 + 005 +0dl 28 1.08 1,88 a1 4202 [V N 457 2.0 S.84
2B11 10,5 54 4:115 4778 , 008 N, F ] 872 ,78 1.18 » 10 888 45.3 848 26.0 2,890
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TABLE I. - Continued. PERFORMANCE DATA

(a) Continued,

Inlet guide vanes open.

| ks

Fun | Com- . JAltitude-~|Rlight | Equiv- |Bngine-| Engine- |Compressor-|Compressor-|Compressor-|Combustor-[Turbine~| Turbine- [furbine-] durbine-] Tail- Tall~
asa0r | exbaust | Mach alent inlet inlet [inlet total| outlet outlet inlat inlet indet cutlet cutlet | pipe pipe
1ds |pressure, |mumber, |ambient-| total total preesure, total tota) total total total total total total totel
Tumber PO+ ' ", alr LeNper~ |pressurs, Pas tempera- pressure, | presyurs, |[temper- |pressure, [tempera- |pressure, [tezper- [pressure
index, 1b/sq £t staile | ature, P:I.’ 1b ture, Bxs | ature, Ps, ture, F_, sture, s
59 tewpera-| = Tas ? T & ) 7
&1 bure c,)J;‘ 1b 8q Tt abs 3 1b ib 5’ 1o o5 1b ol 1b
5 tor ’ Bq ) “r % It ebs | s T abA| R sq It abs R ®q TG abe R 5q It abs
Exhaust=nogzle arsa, 5.888 aq ft
167 | 1,081 2053 ] %l2 503 1933 1891 938 12878 1573 11778 1195 nn 1174 =888
158 B4 2051 o 511 503 ie37 1911 923 l1as2 1145 2888 1138 2780
139 .959 2060 <} 809 sol 1857 1935 881 10882 1062 28248 1064 2664
160| .970 20587 Q 208 Juil 1978 1968 627 8010 958 2814 45 2447
161 | 1.000 2057 [+] S02 200 2024 2017 54 5648 1016 2239 998 <221
le2| .992 2067 0 504 502 2025 2017 736 5628 019 2835 998 | 2215
163 | .68 2051 [+ 505 504 2087 2036 666 3974 Aleg 2150 1114 2140
164 | .899 1191 783 442 487 1800 17172 27 11491 1171 2821 1168 2418
185 .8889 1190 .795 441 487 1804 1776 914 11181 1150 2753 1120 2360
186 .82 1178 .81 42 500 lale 1793 883 10370 103 1026 278
187 | .920 lans 788 450 508 1686 2049 887 9637 1050 2501 1npes 2713
188] .880 1201 792 45) 5 1815 1797 827 68001 851 1042 B83 1756
1689 911 1183 .798 458 404 1816 1807 708 5058 841 1432 a4e 1392
1701 .6%3 784 ' 415 4«88 1213 1184 a3s 7045 liar 1857 1167 1894
17L| .e47 -] .802 418 489 1203 1188 a8 130 1135 1904 1122 1854
172 .03% 786 800 42l 478 1188 1181 855 Tos2 Lo28 1728 1082 1478
175]| .807 788 800 458 488 b Ly 11a3 797 ggg Bhd 148 852 1eal
174 .BO2 Ta6 800 440 428 1213 1202 591 8ar 908 87% asl
1781 .S84 Afd, 1.958 L+ 499 1208 1196 81z BADS 83y 1314 ase 11ao
176| .B2S 48% X239 584 w2 1808 1192 aLy 519 850 128% 855 lo91
1774 .E78® 493 1,883 b L] 508 1201 2104 T4 Lk ‘825 a78 40 780
178| .43 £87 807 398 He 747 132 88l 28 1208 1274 11393 1093
179|431 491 B0 398 L] 751 58 8a2 2‘1 ﬁe 1238 1159 loe2
180 432 494 L B0 395 448 753 728 g28 4698 6 114 1051 978
8] 437 489 512 330 2 754 71 782 3513 BE4 47 ;1] g21
| 182 &34 491 B4 381 448 781 Ty 854 as8 8l a2 821 3]
| 1854 .RSB 285 . «821 368 449 458 435 -— ma— 12le 114 1201 684
184 .R78 382 . T80 408 48E 498 488 ———— 3217 814 4 02 T 4
185 878 333 777 408 A5 498 450 — 1un 184 1158 877
86| .278 353 781 405 454 493 432 —— 1082 738 1058 635
187 .288 B304 808 394 45 +34 4l —— — ——— —— e a77 576 a9 508
158 288 @51 830 586 439 +57 447 — —— — - — 841 400 &30 388
188 188 o4 705 703 488 584 348 ——— ——— —_— —~— ——— 12953 add 1273 477
30| 189 e <719 720 489 351 3448 — ———— -——— — ——— 1830 626 la12 481
81| ,1s9 0 719 720 470 548 345 —- ———— — —— ———— 1121 482 1109 425
152) .189 85 895 708 412 3 349 —— —— e —— ———— 406 405 803 572
183 .18% Y] .79 22 472 548 348 —— — m— ——— - ik 453 797 411
194] .18 259 309 417 487 288 £O9 ——- e —— —— —— 1385 425 1529 a3
98] ,1ER 284 1,368 71 40k 405 [ ] &80 -_— —-—— —n—— —— ——— 12%2 1814 57
M| 153 284 57T | ads 464 280 28 - — — — ———n 1088 10684 3%3
187 .152 -3 581 388 483 880 278 —— ——— -—— — ——— o 3 924 e
] ) X » . ! ' r
|
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TABLE I.

(a) congluded.

- Contlnued.

PERFORMANCE DATA

Inlet gulde vanes open.

3187

Fngine | Cor- |Compresaor- |Engine [Correotad| Com- Com- |Compressor- [Gombustor |Jombus-~ |Qombus-~|Combus-| Turbine| Cop- Gop- bine [Correated [Mumbine [Run

apeed, [rested| inlet tip alr |uir flew, | preseor [praseor | discharge [pressure~| tion tion tion |Reynolds| rected | rocted | offli- | turbine | pras-

: ungtgn Mach alaw, 1 p:-ea:urc affi- lprluu:-o- lg:u offl~ |param- p-.?m- rr';bnr turb:‘{m turbice ui;my, anthwlpy | sure
rpe  |speed, numbar, 2,17 Vs 15 ratio, (oienoy,|loas ratle, | matio, olency, | eter, ator, ax, epeed, BREB b 3 ratlo,
N , 1b/;.° 1;/..2. 1 A (PS-PL)/PB Py-Py ™ P‘TSI “.'J_T-,l Og ¥ r' I;Oh‘ 85+ PS/PG
* R A R BE
e 10 1b/uea
Exhaust~nozzle aren, 3.608 aq ft

T949 | 6074 1.012 155,81 144.2 6.404 q.a00 0,008 0.040 0,089 | 1}.4 [15,7 1,48 4610 4241 Q.880 6.9 3.718 1187
7778 | 7900 :1:)5 151.7| l4l.8 g.118 802 » 009 04l ,868 | 10.6 |16.0 1,48 4608 42,5 860 35.6 5.796 158
7411 | 7543 948 187,4 | 135.3 S5.817 815 0O 040 508 9.41 |13,8 144 4513 2.8 874 35.3 3,897 [1B®
8867 | 87686 .861 110.4 | 118.1 4,560 .850 , 004 049 .887 7.58 10,4 1.40 4307 2.7 883 33,4 3,584 (180
5489 | bBE2 <701 70,7 72.8 2.780 .728 . 005 047 BB3 +.82 7,08 .20 3500 4£5.0 878 24,8 R.301 |lel
5452 | BGE4 . 100 72.6 75,8 2779 . 729 +00B 048 79 dudd | 714 .80 3801 “5.8 683 24.4 2,587 {182
4483 | 446l 084 46.2 49.4 1.081 »684 00% 043 »84l 3.30 | 6,37 -] 2965 4%.1 833 1.4 1,788 183
7926 | 6os9d 1.018 128,2| 140.0 8.577 2798 007 1042 B8l [ 10.4 |li.6 1.59 4627 4244 B2 8.0 5.876 [164
7780 | 7960 998 124.5( 142,7 8,208 +B0B , 007 ' JOdR .963 | 10.1 |1k.8 1.41 4525 48.1 »a52 8.0 5.888 (185
7424 | R84 549 118,81 136,% 5,710 1838 007 ' 888 Q.BT 12.% 1. 44 4862 41.9 .8%8 %b.8 5.878 (188
7411 7613 2 128.7| 136.0 5.118 2778 007 48 98 7.6 (12.8 1.33 4580 48,4 918 55.7 3.541 167
68701 | §780 860 102.4| 118.0 4.408 B8 004 088 1.001 6.688 | 8.75 1.54 4819 45,1 877 35.7 3.877 |188
Bhod | EA42 708 5,8 8.1 2,787 108 SO08 »081 1,000 B.48 | 4,79 1,18 4200 42,1 .a71 3l.4 3,207 |18%
7926 | A847 1,047 88.0] 147.4 8.660 TS .0ca 040 908 a.82 |10,4 08 4819 43.3 .852 58 5.837 370
787 | 8apz2 1,029 88.2| 1l44.2 8,428 +788 . 008 2043 974 €.79 | 8.88 .08 4826 42.4 . 854 5B 5.860 171
T40T | TT4R B71 85.0]| 140.% 5,870 ,B17 000 4R 964 5.78 | 8.49 87 4502 42.8 048 5B 5.874 (172
6es3 | aagl 880 70,7 121.2 4.619 863 003 058 817 +.B8 | 8,05 <206 42.8 N 38 5.878 173
b328 | 5450 .63 42.2 T2.0 2,351 104 LAt 1080 RL:] 1.88 | 2.84 .88 4143 42,8 853 29 2,651 |174
2887 8818 L0858 63,81 118,p 4.473 B84 04 ,QBE 038 4.28 | 5.49 A 42,8 , 950 55,5 5,871 175
&ap3 | 8785 .B48 87.8| 11a, 4,414 JB4B . 004 1084 994 | 4.81 | 5.75 80 | AB11 [ 4@.5 849 | 3.0 %.905 (176
B843 | 5918 » 142 G2k .8 3.078 802 « 008 .08) 817 2.80 | 8.55 04 4522 41.3 845 38,0 3,618 [177
7866 | 85858 1,078 E8.7] 146.3 | 8.95¢ 754 1007 042 .990 | 4.B& [ 6.55 .62 | 4898 | 4L, A58 | 38 5.660 [178
770h | 8409 1,084 66,61 45,0 | 8,72 768 1008 N 062 | 4.88 | 6.32 62 | 4BSB | 42,1 B2 | 38 3.876 176
7420 1,004 54.3| 141,8 8,231 LTR7 007 ik 681 4.06 | 5.80 85 4EB% 42.1 . 36 3.800 18O
2888 | 724D 808 43.7] 128,7 E,130 887 -Q04 2048 1,004 5,08 | 4,50 88 4468 42.8 »851 36,4 3,837 1181
0492 | GOA1 + 746 38,0 g0.9 5,183 1811 » 008 082 JgER 1,80 | .17 58 4508 41.8 869 .'SRI.'! 3,.80h 182
ToL8 | GLB4 1.07% Bl T e el Bl Rt EECCTEN QRSN PEEEES —— n——— -———— - ——— ————— |10%
T8 | 6499 1.088 R - (IRR R R - TR VNI, e | . - [ O - 184
7778 | 8314 1,045 el B o [ r— P - [UNNOUI [OVONI, S ——— ———— [P [— [ J— 188
7584 | 788h .9p0 —rror | wanaa —— RTINS [ [S— [N [ [ - J— r——— —— [ — 188
asob | 1219 D05 [T [T [— JE—— [T T J— U, S - —— TSR - - wanna 187
5508 | a08? , 785 JESSOIEY R [—— e | e R v | m—— —— JE—— —— aa—— ————— —— [E— Y11
7956 | 8380 1,05} ] B IS ) B I T [ B B — R T - [OUREEE — 189
7788 | m191 1.087 (YR - JE— [N p—— e | mm——— [ ———— — e | wm—— —— e 180
7388 | 7762 L9758 crwme | ammee | e | mme— ——— n— U RPUDTREN, P ——— —_— [EOSEE (-, [P [te— 191
8870 | 8998 877 e mmem | emene | meeen ————— ammm | e fanmna e [SISUSS (V. 192
&rog | 8856 822 | =mms R [ e ———— R ST - ——— R S —— e— T
80CE | B44C 1,098 | =====| e | - e | = m—— B R EE e TR S TR e B 14
76840 | goTL 1.012 el —— e T — [NV TG —— [—— —— [N [— [FULPEPE U 18R
7187 | 7812 BB | | e e T S IR rrere | emem= | m——— ——— ——— —— [ —— —— ———e |108
08 | sana [ V-7 [ - [ e I T ye—— PURDEE [T ——— —— — —mn —— wmeeme 197
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TABLE I.

- Contlnued.

PERFORMANCE DATA

(b) Inlet guide vanes closed.

800FCH W YOUN

Run| Com- Altitude-[Flight | Equiv- [Engine-]| Engine- [Compressor-|Compressor-|Compresnseér~|Combustor-|%urbine-|[Turbine- |Turbine- [Turbine- | Teil- Tall-
presacr | sxhaunt | Mach alent inlet inlet |inlet total| outlet outlet inlet inlat | inlet ocutlat | cutlet pipe pipe
Reynolda! pressure, |mmber,| smbient-| total total pressure, total total total total | total tota) total total total

mmbay Py air tanper- | pressure, Pz, Geaper- Dressure, |preasurs, | temper-|pressure, (tempers- [pressurs, | temper.|preasure,

index, 1k statie |ature, P,, aturs, Pur N ature, Poa - tute, 1.01‘ Fs, ature, 7s

/a3 rt tompsra-| T 2 b T 3’ 4 T s 5 b 4 T
51 bre 1* 1b g It Abs 57 1b 1b [ 1k -4 1b i ib
T to" aq T 8068 % ®q T abs |§g ft «o8 | Op ®q Tt 208 "y Tt abs| R |pg Tt ake
1 .
PR
Bxhaust-nozsle area, 2.388 aq £t

1 ©.960 2048 Q 521 817 1987 188 845 8285 a228 1507 1862 lo6a 2872 1346 2898
g 2948 2038 Q .B821 518 2000 1885 778 e5Ts g555 1340 263 1114 2632 11 2688
3 949 2045 0 522 B20 2020 2018 700e 4848 4842 1240 4818 1102 2380 1070 2357
4 950 2038 [+ 521 B20 2028 2028 658 3627 5516 128% 3379 11%1 212 1133 2202
b .931 2034 0 520 519 2027 2027 614 3155 128X 3023 1184 2161 1170 21563
8 .881 1164 0.821 449 2] 1811 1801 age 7187 7079 1347 8789 1064 2266 1056 2228
7 .66l 1168 .613 450 BOS 1800 1792 183 8366 8584 1208 80LS 958 2043 -5 2000
a 880 1153 819 450 £10 1789 1782 70 4864 4542 87 4218 785 1636 789 1507
|} B8R 800 1 THE 458 614 788 785 as7 3069 3033 1400 2912 1098 984 1102 954

10 .58 483 794 455 Blz2 750 748 793 2675 2887 1243 25558 978 868 a7e 845

11 342 498 B0 35 Bl4 767 154 54 2294 2281 117 2180 ars 788 873 752

12 .380 457 L7917 455 513 TEB 83 T2 1818 1873 490 1788 188 689 793 a7s

Exhpust-nosgle area, 2,514 oq It

13 0.948 2058 [¢] 521 517 1898 1981 307 9295 9225 1787 2858 1432 5162 421 35088

14 850 2069 [¢] 521 5117 2000 2199 a9 9147 8070 17127 8708 1387 35136 1385 3088

15 952 2081 0 521 517 2005 1990 A85 28591 8849 1820 B306 1308 F0AS 1364 2968

is .953 2058 0 521 517 2008 1998 814 T717 T€98 1450 7384 1183 26840 118% 2788

J17 963 20851 0 519 517 2027 2u22 01 4901 4593 1280 4862 1105 2388 1078 237

18 400 491 0.802 418 472 730 745 a8 5005 3587 1813 3438 1280 1104 ¥-3: 107%

19 300 ARy .a02 420 74 o4 748 B45 3525 3504 1850 33348 12% 1078 1231 1080

20 .388 404 800 423 «77 753 48 814 3285 364 1430 323 1l 10i0 1122 954

21 3BT 458 +800 429 484 788 76, 112 <805 2895 1243 2764 378 914 972 94

a0 57y 498 .88 439 486 787 758 870 17187 1726 B17 1635 -] €51 748 [3-5:]

Exhaust-nozels area, 2.6684 93 £t

25 0. 452 489 0.808 594 vy ) 751 T48 629 5817 151% 5485 1182 1045 1170 1012

24 452 499 L7183 596 448 7588 T80 8§10 3511 3485 1450 5358 1129 1007 111% 978

a5 432 485 798 596 448 761 748 778 3425 5402 1534 3281 1007 945 1025 934

28 LA52 459 +790 396 445 7568 T45 72l 2811 2900 1147 2781 a72 8682 a7 as9

27 4l9 481 804 396 447 138 154 647 2174 2172 910 ehes 04 708 711 880

Exhaust-nossle area, 5.888 ag Tt

28 0.954 2078 0 522 sl 208 388 BBOE as4l 1455 8166 11358 2478 1120 408

29 980 2080 0 621 517 2087 2012 872 8480 8413 1420 8051 1108 2454 1089 2388

30 .98y 2074 1] 820 518 2008 2008 Bé4 a0pe 8033 1540 7878 1049 418 1035 2370

51 984 20717 0 814 £15 2080 2020 768 1873 7244 1240 8897 80 2387 958 2%za

32 872 goT0 o 518 514 2038 2039 5% 5825 5613 1150 5510 951 2280 241 2253

- 407 487 0,808 412 488 749 2 8354 354l 3315 1553 5158 970 198 848 323

34 399 482 815 418 470 4B 740 420 32650 232 1280 5063 He 171 943 04

L 418 483 815 405 457 Ta? T42 716 .03 30680 1180 2044 a50 4R a50 885

4 %5 +&08 491 812 43 487 747 758 724 20832 2620 270 2477 Ty E57 nr 27
37 &0 484 608 414 4688 759 ™ 726 2643 2838 10 24487 708 £58 715 830
58 407 489 413 418 487 186 w1 ass 2408 87 BsT 12y [: 31 aaT 843 %87

' ¢ . . 1 lo1g N

92
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TABLE I. - Concluded. PERFORMANCE DATA

(b) Coneluded. Inlet gulde vanes closed.

BOUFSE WY VOVM

Ingline| Cor- Gu:gvuuor Engine|Correoted| Com- Com- |Cowpressor-|Combustor |Combus-|Combyp-| Gombus- | furbine| Cor- Cor=  [urbine |Corrected| Turbine| Run
sp2ed, |[Pected]{ inlet bipw alr |air flow,| pressor|presscr| discharge [pressure-| tlon tion tion |Reynolds| reocted| Tected | affi- | turbine | pres-
N, |engins ¥agh Tlow, +/8; |Presaure offi- | prpssure- loss off1- | param-| PAPAm-| number |turbine| turbine |[olency, [snthalpy | sure
rpm  |speed,| mumber, Mo, 10w 1 1, ratio, |alency,|loas matio,| ratio, [olemoy,| etar, star, | index, | speed, 1] '7:; » |matio,
¥ ¥ 1bbae| VT Bepy |y [(Ba-B )Py | Be-Ps Pals |¥a,1%yx| 05 X tiow, Bgs |Ps/Ps
8 1b/nec ) "r"‘4 ‘V"h “ o/ ——W_: Wy 55 Btu
by} 107+ 10 J I‘plsl BE By- hAETT
1b/seq
Exhauat-nogzle area, 2,388 aq £t
7091 | 7104 0.891 91.7 97.0 4.148 0.785 0.007 0,041 0,900 | 7,47 11.4 d.oe 201 42.1 0,777 28.1 2.655 | 1
8019 | 6ORS .738 7.4 al.a 5.288 a2 003 O |. 888 | 5,82 8,88 B4 sal2 .0 .046 ed.9 2.5380 | 2
5016 | 6010 .828 89,6 a2.4 2,400 «813 »001 047 1.012 | 3.89 6,36 .78 i1 42.3 .848 18.0 1.830 | 5
4081 | 4077 +BLL 40,3 42,1 1,738 « 754 003 Q59 930 | 5.10 4.58 .82 2858 39.4 «958 14,4 1,538 | 4
5504 | 3804 452 55.6 55.0 1.%47 126 008 028 518 | 2.92 3.52 g 2537 38.4 .783 §.0 1.508 | &
7085 | 7152 897 84.9 548.5 3,952 J778 011 040 J880 | 8,97 8,96 1.0 “lé 42.8 .863 30.7 2,879 | &
6538 | &80? N ] 18,7 81.7 35,831 802 005 JOk9 968 | B.la 7.38 1.03 4358 2.1 6688 26.8 2,044 | 7
8502 BESQ .898 4.3 78,5 2,581 191 008 Q59 ,9680 | 3.8B 4,91 k] 4084 42.9 876 28.2 2,815 | 8
7087 | 7121 .893 35,3 87.8 4,030 JI72 008 40 B84 | 2,84 5,88 42 62 42,1 887 30.4 g.o%3 | B
8540 | 8585 N: 1] 33.8 §e.9 5.587 792 003 050 FEL | 2.17 5.02 v42 423], 2.9 .009 28.7 2,927 110
5965 | eql4 + 754 29.8 ag.a 5.0%0 795 ,008 083 1.008 | 1.77 2.60 .41 4145 2.4 .8%a 2B8.5 2.809 (11
5447 | G478 .887 25.8 71.9 2.480 788 003 087 OFS. | 1.59 2.08 . 3979 41.9 .068 26.1 2.583 |12
Exhaust-neggle aren, 2.514 aq It
7945 | 7960 0.988 4,8 100,4 4.868 Q.728 0.008 0,040 0,974 | 9,08 1%5.8 0.98 42.5 0.8680 <0.8 2,801 {13
782 | 17197 .278 4.5 99.8 &,B74 T6D 008 040 978 | 8.88 15.1 .98 4514 42.2 .878 28.5 2,717 |14
7418 | 7420 932 93,2 9a.2 4,338 .768 .003 040 .886 | 8,00 12,2 1.00 4240 42.3 883 27.8 2,728 |15
6670 | 6683 - 87.5 2.1 5,843 .810 .003 .01 S04 | 8,85 10,4 1.02 4024, 42.1 882 ae.2 a. 18
5032 | GOd42 .832 57.5 39.9 2.418 804 002 048 1.048 | 4,20 &.20 .78 5295 49.7 Bdd 19.5 1.948 |17
7945 | B3%2 1,048 38.4 105.4 4,807 689 ,005 Jb2 980 | 5.38 4.68 AR 4550 42,1 880 50.8 3.112 |18
7707 | D1BEB 1.00% 38,5 105.2 4. 670 708 004 K 993 | 3.23 4.70 A5 4535 24,8 832 30.7 4.880 | 19
T41S | 773¢ 870 37.1 "9 4.363 + 187 008 SOl 875 | R.01 4.18 hd 4807 41,7 042 0.5 5.098 | 20
av3s | B9 .874 5.8 98.2 3.840 2783 . 005 SO4l .BaT7 | 2.58 3.46¢ 48 4334 42.2 .B48 28.6 3.084 | 22
6148 | 5RB0 «88), 24,0 85.8 2.k98 . 763 .007 L0B% L864 | 1.28 1.17€ | 5898 41.2 848 24.7 2,403 | 23
Exhaust-nosele area, 2,884 sq It
7848 | 8578 1,078 29,5 105.2 &.052 381 007 048 8TT | 5.58 4.B2 45 4693 41.4 .A55 2.8 3,318 | 23
7780 | 8593 1,082 38.0 101.4 4,650 674 ,008 L8 985 | 5.15 .37 48 4705 41.5 A48 52.8 3.3515 | 24
08 1982 1.002 40.2 105.0 4.558 .732 008 043 L79 | 2.91 4,12 81 4669 41.8 .58 31.8 3.380 | 26
@870 | 7195 .802 57.9Q 28,5 3,088 783 004 »O48 092 | 2,50 5.Bd B0 4544 42.0 .860 31.1 5.805 | 26
5632 | 5961 «748 30.7 81,8 2,954 808 001 Q72 948 | 1.68 2.18 . 4207 g52.8 —um—- 28.5 2.289 | 27
Exbaust-noxzxle arsa, 5.688 sq It
T35 | 7851 0.997 88.£ 102.9 4.268 0,718 0,007 0,044 1.002 | 7.851 11.0 1l.12 4787 42.6 0.087 52.7 8.299 | g6
7177 | 1782 AT 8.0 102.1 £.174 ' .008 048 988 | 7.3 10.7 1.13 4743 42.7 .a8T0 52.5 3.a61 | 29
4405 | 7428 »8351 88,2 100.3 4,002 . 180 L007 2044 L9953 ( 6.79 9.851 1.14 4639 2.6 .88l 51.8 2.178 | 30
66683 | 6649 »839 80,2 3.6 5.885 .797 004 ,048 977 | 5,889 8.75| 1.13 4340 42.8 878 20.3 2,027 | 31
5725 | 5781 72l 75.5 7.8 £.857 +B17 » 002 L0852 B85 | &,B4 7.08| 1,00 3803 42.9 347 4.7 2.438 | 32
7984 | 8404 1.054 5.5 106,1 4,481 BT 008 +HT .979 | 2.A% 5,87 ] 25083 42.3 S8 38.3 3,967 | 55
¥79% | 8149 1.027 59.0 108.3 4.3562 N1 .008 048 .988 | 2,71 3,87 A9 5041 42,1 A48 35.8 =,008 | 34
424 | 7912 .gea 59.0 103.6 4,154 .718 .007 JOhk L9688 | 2,48 5,51 . BO30 41.8 .853 8.8 3.088 | 38
8598 | 6068 6872 5.2 98,] 3,477 117 <004 06D 920 | 1.2 2.80 54 4882 41.8 TR Y 3.1 3,771 | 38
5634 | 6881 .883 56.5 98,1 5,482 774 , 002 OBT L9609 | 1.94 2,680 B4 018 1.9 .480 34,2 3774 | 57 )
5987 | 6259 +78% 5.4 8a.8 5.000 .117 <004 J0Bg .958 | 1.B4 £.17 B3 4620 2.6 L0849 2.7 3.480 | 58 byt
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TABLE II, - PERFORMANCE DATA OBTAINED AFTER ENGINE OVERMAUL WITH COLD INLET-ATR TEMPERATURES

[Enlet guide vanes open.]

Run|[ Com- Altitude- Flight v- [Engine-| Englne— Compressor-iCompressor-|Turbine~! Turbine-|Turbine-| Turbine-j| Tail- Tmil-
pressor | exhaust Mach alent inlet inlet outlet outlet inlet inlet outlet outlet plpe pipe
Reynolds [pressure, jnumber, [anblent-{ total total total total total total totel total total total

number Poe air er- [pressure, | texpers- pressure, |temper- |m p preasure, iLesper- |pressure,
index, static | ature, 1 turse, Py» ature, Pe» turs, Pgr ature, P
1b/8q £t tespera-| T, Tys Tg Tor . |
L. ture, 1 ib o 1b ib (] 1b of 1b
R~ tor R &= * = mItess| % [Itaks| R (s TCn
°R
.r 3 _ = ot Lo T L ECS— LR . <. -~—
Exhaust-noxzle arex, 2.388 sq It
1 475 358 406 139 ass 6163 2010 5919 1610 2046 16158 1881
2 478 366 415 42 873 8048 2018 5810 1612 2008 1617 21955
3 484 385 434 T4T 851 5920 1987 5672 1621 1847 1600 1909
4 481 363 412 747 848 —— ——— === 1533 — ——— —
b 481 385 437 748 a74 8730 1913 5501 7 1880 1628 1837
3 485 360 408 749 827 —— e - 1466 = - —
7 482 5688 440 TAS 847 ST 1800 5138 1442 1754 1437 1716
8 483 7 406 4 802 5580 1753 5380 1392 1845 1400 1796
] 480 362 410 Tdd 776 S0867 1627 4867 1263 1668 1285 1626

1o 492 390 440 T49 172 4136 1455 3951 1148 1154 1322

11 478 399 451 735 [ 1961 1083 1860 38 a7l 78

12 281 528 575 455 a2g 4032 2007 5873 1618 1529 1607 1296

15 298 324 367 461 805 3926 1820 3781 548 1299 1269

14 305 I 64 463 781 3968 1837 3814 1472 1262 1468 1234

15 293 323 368 482 T4 3417 1737 3487 1388 1186 1388 1158

16 298 330 373 458 730 3575 1587 3282 1262 1108 1266 1078

17 297 391 441 451 889 3606 2017 3487 1693 1182 1621 1155

18 287 389 442 47 880 IB4T 1875 3431 1603 118% 1580 1159

ig 299 ‘388 439 460 842 3243 1780 3104 1438 1058 22 1031

20 311 393 442 470 T84 2597 1497 U474 1192 837 11e9 17

21 508 396 446 488 845 1088 1070 lcee 859 422 aT2 413

22 181 537 383 284 a3 2467 2037 2369 1651 a14 1640 31

23 182 339 384 283 208 2340 1480 2252 1659 768 1520 752

24 194 340 383 20 788 2287 1787 2184 1460 737 1437 720

25 190 539 383 291 747 2078 1620 2001 150 68L 1294 865

26 1786 387 442 278 911 2087 21688 1690 738 1660 122

27 177 389 it 280 [:3:4] 2192 1975 2108 1606 TLS 1s8¢ 698

28 178 394 448 280 80 1833 1830 1484 652 1486 636

29 186 413 484 284 799 1482 1510 1426 1218 488 1209 470

30 194 411 461 251 701 73 1227 740 978 288 938 280

51 197 370 382 21 8352 1768 1990 1708 653 579 1597 563

2 188 369 382 213 783 1644 1787 1583 1486 5453 1438 507

33 197 370 382 221 308 1562 1737 1508 1372 518 1358 504

34 192 425 441 219 801 1681 2037 1536 1688 545 1639 831

35 168 424 442 218 865 154¢ 1883 1468 1 S04 1512 430

%6 198 429 445 228 786 1176 1550 1158 1274 388 1257 387

37 196 432 448 223 712 1820 572 1361 247 1273 245

—wrr— T B B e = "
Exbaust-nozzle ares, 2.514 sq ft

58 185 0.800 389 416 282 B8&8 2269 1897 2209 1487 707 684

38 179 -823 366 418 2719 ask 2254 1880 2132 1460 877 1469 B64

£0 183 -808 367 415 281 al4 1978 1687 1851 1328 542 1352 517

41 1684 =802 368 415 281 743 16857 1564 1111 s10 082 490

A2 185 -804 367 £24 280 871 1187 1140 1119 904 371 e85 359

43 190 782 419 471 287 931 2173 1990 6 686 1583 666

44 186 798 r— — 283 - 20682 — 1995 1572 859 — €39

45 200 738 402 446 288 ass 1889 1757 1803 1418 5689 1396 57

46 197 -.768 408 454 291 800 1545 1500 1404 sl 489 1191 474

4T 188 413 398 413 223 ers -_—— 1953 —— — 1548 ——

48 198 451 398 413 225 as2 1709 1867 532 1482 607

49 193 A 397 413 221 819 1599 1740 505 1373 486

188 450 397 413 216 7681 1381 1523 440 1211 424

81 . 186 433 595 4158 214 897 o33 1287 339 1029 527

Exhaust-nozzle area, 2.694 sq ft

52 | 0.180 174 0.843 355 405 277 851 2 1817 678 1422 651

53 <179 175 .838 356 406 277 833 2212 1737 646 1357 622

S4 .180 180 824 361 410 281 796 2035 1579 S91 1229 564

55 .172 173 -831 364 414 272 138 1664 1537 487 1056 457

o6 170 180 .810 316 425 277 644 858 995 216 779 207

57 =143 188 408 392 403 222 834 1741 1825 502 1420 460
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TABLE II. -~ Concluded. PERPORMANCE DATA OBTAINED AFTER ENGINE OVERHAUL WITH COLD INLET-AIR TEMPERATURES
[inlet guide vanes openg

Engi Coz*=- ngine od| Com- Com- |Compress Combu [Turblne [Carrected|Turtine |Aun
spaed,| rected s:ﬁ-t tip air |air fiow, |presscr |[presscor| diszcharge tion effi- turbine pres-
W, sngine Mach Tlow, 7 [P effi- aod orri-~ lcLency, lenthalpy
rem spead, m=bér, ol 'lvl_ﬂ»l_' retlo, {clenay,}! ccxbuator {clency, e » ratio,
X K, 1b/zen PS/PI g pras; - LS s> PS/'P“
'_‘/_.1—' 1b/sec loss ratlo, Btu
i€} Pg-Ps, 1 Th=wee
3
1.131 5.7 1%1.1 8.5340 6. 44 9.6¢ 0.58 4108 42.8 0.862 30 1
1.116 58.8 149.8 8.148 6.30 2.5 -55 1 435.0 874 asg 2
1.089 57.3 148.4 T.825 6.19 8.17 «55 14113 42.6 «850 28 3
1.083 59.8 0.4 —— ——— 9.18 -——— f—a ———— [ me=e- -— £
1.058 58.8 147.4 7.680 5.65 8.68 56 14089 42.6 =884 30 b
1.013 68.3 146.1 —— —— 8.68 | — —_—— | === o etard [}
L.QLL 54.8 143.3 7.177 5.28 7.87 <58 14034 42.8 -a68 Pl 2.928 7
L.044 57.9 143.6 T-401 S.45 a.lo 3% 4053 «3 -854 23 2.821 8
.987 5.4 140.1 6.810 4.69 7.12 58 28 2.921 9
9 47.1 122. 5.622 5.87 5.44 <64 Fa:d e.914 lo
708 24.8 68.4 2.608 1.57 2.16 <36 43 2,027 11
L.17% 38.2 160.8 8.862 4.30 6.15 37 <8 2.91b 12
1.1%9 38.8 149.8 8.516 £.02 5.98 -3 9 2.910 | 13
1.137 .7 147.9 6.570 £.12 5.87 &0 29 3.022 14
1,006 37.5 147.8 8.002 5.64 s.20 32 29 2.240 | 1S
1.035 36.1 142.0 T.40L 3.19 4.537 0 8 2.944 18
1.081 33.8 146.3 7.996 3.89 5.48 33 29 2.933 17
1.086 3.8 148.9 7.935 3.78 5.32 53 29 2.926 18
1.004 33.0 158.7 T 0% J.22 4.70 Tk 23 2.939 19
.839 29.0 120.5 5.526 2.38 3.45 53 2% 2.906 | 20
-882 14.0 5%.0 2.292 82 1.22 -20 ™ 2.438 | 21
E.160 22.9 146.6 8.607 2.69 3.75 2 23 2.910 | 2
L.1O% 23.2 148.4 0.269 2.359 3.53 -23 25 2.929 | @3
1.081 2.9 141.4 7.711 2.270 | 5.29 33 b= 2.963 24
1.002 a2.3 139.3 7.131 1.96 2.88 -24 ey 2.932 | 25
1.088 20.7 148.1 6.201 2.56 3.43 «20 30 2.966 | 26
1.050 20.3 1.820 2,40 3.21 «20 &9 2.948 ar
~803 12 T.171 2.1 a2.83 -20 2% 2.960 | 28
A€8 1 3.218 1.42 1.89 .20 28 2.940 | 20
752 2.656 1.68 - Ja2 k) 2.069 | 30
1,118 7.991 1.8% 2.73 -14 29 2.950 | 31
1.08 7.728 1.68 2. .18 29 2.93% | 32
l.001 7.068 1.53 2.18 17 31 811 35
1.063 7.584 1.78 58 1% 23 2.928 34
1.010 7.108 1.3 2.26 <13 29 2.9%4 | A%
-885 204 r.12 .43 15 ar 2.880 | 38
=736 2.69% +85 -T2 o7 2 2.318 37
2.524 oq ft
7924 | 8851 1.1l10 21.9 148.9 8.117 2.42 5.28 0.22 j4138 40.8 0.851 31 58
7835 | 8782 1.089 2.0 148.3 8.007 2.30 3.23 22 4L 41.% -83%0a n 39
7408 | 8279 1.038 21.5 l44.4 T.028 1.84 2.86 22 439 30 40
&9 7 -918 . . 3.887 1.53 1.96 <18 4041 40.2 30 41
Tt 8440 808 15.2 103.5 4.23%9 -84 1.3¢ 42.6 o 29 42
T3 8325 1.044 20.4 242.9 7.571 2.35 3.2 <20 |4108 41.1 -858 30 4%
TG ——— — —— T.357 — e ——ew Je——— —— — - a4
1375 7954 -997 19.9 135.5 6.569 1.82 2.76 20 14082 43.5 -861 30 45
TG -B8C 17.1 118.5 5.308 1.41 2.04 .20 |5938 41.8 ! 20 48
7984 | 8827 1.118 7.0 145.5 —— 2.62 — 183 - — 30 47
776L | 8704 1.091 18.8 159.3 7.596 1.78 2.48 17 (4147 4 A44 50 44
7420 | 8327 1.043 168.0 155.6 T.23% 1.62 2.21 <17 |4088 - 30 43
grar 7 « 545 14.9 129. 6.39¢ 1.30 1.80 .18 |s982 40.3 817 29 S0
5955 | 6657 -a58 i2.0 106.2 4.018 .80 1.3 .14 3793 38.6 824 28 sl
2.594 8q It
7952 | 9003 1.129 2.4 151.0 a.321 2.40 3.1a -23 (4301 40.T B850 32 5.271 | 62
7780 | 8788 1.103 2.7 183.5 7.988 2.18 3.00 -24 |4258 41.9 845 32 5.293 | 53
? 1 1.040 .0 147.1 T.242 1.91 2.70 =25 |4285 42.1 -840 31 3.281 B4
8585 | 2373 - 18.8 131.0 6.118 1.42 1.85 £0.4 037 31 3.26% | ¥
5388 | 3954 T4T 11l.1 71.0 3.090 67 87 .18 3830 39.8 ——— 28 3.820 | 58
T34 | 4971 1.125 17.1 145.8 7.842 1.8C 2.44 - 4276 41.3 842 32 3.3189 57




Primary exhaust-gas cooler

Periscope

Exhaust section

Figure 1. - Schematlc dlagram of altitude test chamber.
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Figure 2. - Installation of YJ73-GE-3 turbojet engine in altitude test chamber.




Bellmouth

Alr flow

Figure 5.. - Cross section of YJ73-3B~3 turbojet engline showing location of instrumentation.

Comprassor Combustor Turblne
Station 1 3 4 5 § T
]
]
qlr N T
i N L
LIy : - - _
u""_—'l"_-!
Station Location Total- Static-, | Wall statlc- | Thermo-
| presgure | pressure | pressure couples
| tubes tubses oriflcen
X Inlet duct 0 0 4 0
1 Bngine inlet 368 16 4 18
3 Compressor outlet 20 4 L 6
4 Combuestor Inlet 5 0 4] Q
5 Turbine inlet 9 0 Q 0
6 Turbine outlet 24 0 8 20
T Exhaust nozzle 28 16 4 20 :
0 Altitude chamber 0 4 0 0 -
CD-3088

. date

Bxhaust
nozzle
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(a) Compressor rotor.

Figure 4. - Components of YJ73-GE-3 engline.
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(b) Combustor liner and transition section.

Figure 4. - Continued.

Components of YJ73-GE-3 englne.
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(¢) Turbine rotor.

Flogure 4. - Concluded.

Components of TJ73-GE-3 engine.
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Altitude, ft
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Flight Mach number, Mg

Figure 5. - Variation of Reynolds number index wlth altitude and

Tlight Mach number at standard NACA conditioms.
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Compressor pressure ratio, PE/P]_
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.78 T4800 ’
’ 74 ,E;.T.S_ 1;400 /
. 000
; TB00) .
=0 20 50 60 70 90 100 110
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Corrected air flow, Wa,l-\/'e'l/al, 1b/sec
(e) Inlet guide vanes closed; Reynolds rumber index, 0.96,

Figure 6. - Compressor performance mepe.
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Compressor pressure retio, P:S/Pl

Corrected engipe speed,

N/~+/61, rm 8400
8000 \\
7600 \\\\
rzco Ry Wy e
\ VA 170
. .
5800, [ T \ [ %
gac / / .75’ Compressor efficilency, Mo
)r/ Pd
6000 | .~ )
3 X L
S 2\ 791 1"
7 s nl
5200, —T
2 - o 110

Corrected alr flow,

20 100
wa,lﬂjai/al, 1b/sec

(b) Inlet guide venes closed; Reynolds mumber index, 0.40.

Figure 6. - Continued. Compressor performance MAps.
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Compressor pressure ratio, PsfPl

alb

£ T4

=3

[+:]

AL7 |7800
Compresser efficiency, f, 1 //’r
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>r-""‘ ] 7200
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3 R
72 === EE00

260 70 80 90 100 150 140 150

110 120
Corracted air flov, “&,1"/61/61’ 1b/sac
(c) Tnlet gulde vanss opan; Reynolds mmber index, C.38.

HMame 6, ~ Copelided, Comprespor performence maps.
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Figure 7. - Effect of compressor Reynolds number index on -
compressor efficiency and corrected air flow. Inlet
guide venes open. Applicable at all compressor pressure
ratios at corrected engine speeds of 6800 rpm and above.
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Compressor Tressure ratio, PS/PI

Compressor efficiency, Mg

Carrected air flow, Wa,14/8 /By, 1b/sec

- ]
7 Tniet-gaide—vane posltion
L
Open
S -Closed // //
Inlet-guide-vane scheduled /
to change at N = 6800 rpm /
[ = [ /
/ e R, ol
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Corrected engine speed, N/~/87, rpm

Figure 8. - Effect of inlet-guide-vane positlon on compressor pressure
ratio, efficiency, and corrected air flow for rated exhaust-nozzle

eres. Reynolds

mumber index, 0.96.
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Flgure 9. - Compressar performencs map showing lines of constant corrected tuwrbine-inlet tamperature.
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Megure 9. - Conaluded. Compreascr performence map showing lines of comstant corrected turbine-
inlet tempereture. Inlet gulde venes open.
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Figure 10, - Varietion of combustion efficiency with combustion parametere.
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Cambustor totel-pressure loes ratio, (P4-P5)/P4
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Flgure 11. - Variation of combustor totel-pressure loss ratioc with com-

bustor temperasture reatilo,



46

gle position

Over-all average temperature

Temperature at sin

S NACA RM E54D0O9

1.2
——— Average radisl distribution
1.1 _ A\\

] ///r \g
e 2T T+

1.0 —— \ ——

g \<,\\§

[\

.9

-8 {2} Reynolds number index, 0.96; corrected engine speed, 7993
rpm; turbine-outlet totel temperature, 1691 R; exhaust-
nozzle-inlet totel temperature, 1632° R.
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(b) Reynolde number index, 0.12; corrected engine speed, 7514
rpm; turbine-outlet totel temperature, 16377 R; exhaust-
nozzle-inlet total temperature, 15829 R.

Flgure 12. - Typlcal totel-temperature profiles at turbine
outlet, station 6. = U . -
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- Figure 153. - Turbine performence map. Compressor

Reynolds pumber indices of 0.96 and 0.88. Tur-
bine Reynolds number indices varied as shown in

table 1.
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Figure 14. - Effect of turbine Reynolde number index on turbine efficlency and corrected turbine
gas flow.
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Figure 15. - Variatlon of compressor, combustor, and turbine efficiency
end corrected air flow with altitude at rated engine conditions.
Flight Mach number, 0.8.
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